INTRODUCTION
============

Acute gouty attack is an inflammatory response to monosodium urate crystal deposition. The inflammation usually occurs abruptly. It is characterized by redness, tenderness, swelling, and heat over inflamed joints, and systemic fever can be present during this condition. These clinical features, in addition to laboratory findings including leukocytosis and increases in the serum erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) levels, are similar to those of infectious diseases. Therefore, differential diagnosis between acute gouty attack and bacterial infection by clinicians is occasionally difficult. Hyperuricemia is one of the characteristics that can be used to differentiate between acute gouty attack and bacterial infection. However, in certain cases, serum uric acid levels increase during bacterial infection yet not during an acute gouty attack,[@B1] making the differential diagnosis more difficult.

Procalcitonin (PCT) is a 13-kDa protein produced by C cells of the thyroid gland in the form of a calcitonin precursor.[@B2] PCT production has been reported to occur in other organs, particularly during bacterial infection.[@B3][@B4] Several studies reported that PCT could function as an acute-phase reactant during bacterial infection. PCT is regarded as an important biomarker for the early diagnosis of sepsis in critically ill patients.[@B2][@B3][@B4][@B5][@B6] Recently, several studies have reported the role of PCT in differential diagnosis between bacterial infection and disease flares in autoimmune diseases.[@B7][@B8][@B9]

However, no previous studies have reported the role of PCT in acute gouty attack. Wang, et al.[@B10] reported that the levels of PCT in the serum and synovial fluid of patients with septic arthritis were higher than those of patients with rheumatoid arthritis, osteoarthritis, and gouty arthritis. However, in that study, only 11 patients with gouty arthritis were enrolled, and it was not reported whether any of these patients experienced acute gouty attack.[@B10] Therefore, the objective of this study was to assess whether PCT levels increase in patients with acute gouty attack. In addition, we evaluated the ability of PCT to function as a marker for differential diagnosis between acute gouty attack and bacterial infection.

MATERIALS AND METHODS
=====================

Study design and patient population
-----------------------------------

This cross-sectional study included 67 patients with acute gouty attack and 90 age-matched patients who were diagnosed with bacterial infection. Gout was diagnosed in accordance with the revised American College of Rheumatology criteria.[@B11] The patients with acute gouty attack who were included in this study had symptoms for less than 7 days. Consecutive patients with acute gouty attack were enrolled from inpatient and outpatient clinics at Chung-Ang University Hospital in Seoul, Korea between January 1, 2013 and December 31, 2013. PCT data from patients with bacterial infection were collected retrospectively. The enrollment criteria of patients with bacterial infection were as follows: 1) medical records in the same hospital as the gout patients, 2) diagnosis of bacterial infection, 3) no previous history of gout, 4) no concurrent urate-lowering therapy, 5) PCT level measurements, and 6) successful age-matching with the gout patients. The diagnosis of bacterial infection was confirmed via bacterial culture and/or Gram stain or using the diagnostic criteria of each infection type.[@B12][@B13][@B14][@B15][@B16][@B17][@B18] A subgroup analysis was conducted for patients with serum uric acid levels \<6.0 mg/dL. This study was approved by the Institutional Review Board (IRB) of Chung-Ang University Hospital (C2014248 \[1445\]). Participants provided their written informed consent to participate in this study, and the IRB approved this consent procedure.

Clinical and laboratory assessments
-----------------------------------

Clinical information was recorded at diagnosis. Clinical and laboratory data for acute gouty attack patients were collected at the time of serum sampling, including measurements of PCT, ESR, CRP, complete blood count, uric acid, blood urea nitrate, creatinine, aspartate aminotransferase (AST), and alanine aminotransferase (ALT), in addition to other laboratory tests. A test for PCT was performed prior to the administration of drugs for gouty attack, such as non-steroidal anti-inflammatory drugs or glucocorticoid. For patients with bacterial infection, clinical and laboratory data were retrospectively obtained from the medical records at the day when the serum PCT was measured. A fluorescent enzyme immunoassay (VIDAS BRA HMS PCT, Marcy, France) was used to measure serum PCT levels according to the manufacturer\'s recommendations. The assays were performed in duplicates, and the detection limits of serum PCT varied between 0.05 ng/mL and 200 ng/mL.

Statistical analyses
--------------------

Continuous variables are expressed as mean±standard deviation. The mean differences between continuous variables were evaluated using Student\'s t-test and the Mann-Whitney U test. The categorical variables were analyzed using a chi-square test. A multivariate logistic analysis using serum PCT and uric acid levels was performed to obtain the respective odds ratios. The ability of PCT, uric acid, and CRP to distinguish between acute gouty attack and bacterial infection was evaluated using a receiver-operating characteristic (ROC) analysis. The sensitivity and specificity of the estimated best cut-off values were calculated from the ROC curve. In all analyses, a *p* value of \<0.05 was considered to be statistically significant. All statistical analyses were conducted using SPSS Statistics version 20.0 (SPSS Corp., Armonk, NY, USA).

RESULTS
=======

Patient characteristics
-----------------------

The baseline characteristics of the participants are summarized in [Table 1](#T1){ref-type="table"}. The mean ages of patients with acute gouty attack and bacterial infection were 53.7±17.1 years and 56.7±19.5 years, respectively. There was no significant difference in age between the two groups.

The disease duration in gout patients was 6.0±9.2 years. The mean symptom duration from initiation of acute gouty attack to blood sampling was 3.0±2.9 days. Thirty-seven out of the 67 patients (55%) in the gout group were taking allopurinol. In patients with bacterial infection, the most common type of infection was pneumonia (37 of 90, 41.1%). The numbers of patients with specific infections were as follows: pharyngotonsillitis, 12 (13.3%); sepsis, 11 (12.2%); cholecystitis or cholangitis, ten (11.1%); urinary tract infection, seven (7.8%); cellulitis, six (6.7%); infectious colitis, four (4.4%); and septic arthritis, three (3.3%).

Serum PCT levels in patients with acute gouty attack and bacterial infection
----------------------------------------------------------------------------

Serum PCT levels were measured in patients with acute gouty attack and bacterial infection. As shown in [Table 1](#T1){ref-type="table"}, the PCT levels were significantly higher in patients with bacterial infection than those in patients with acute gouty attack (4.941±13.763 ng/mL vs. 0.096±0.105 ng/mL, *p*=0.001). More patients in the acute gouty attack group presented serum PCT levels below the lower limit of detection (0.05 ng/mL) than those in the bacterial infection group (46 of 67, 68.7% vs. 13 of 90, 14.4%, *p*\<0.001). The serum uric acid levels in the acute gouty attack group were significantly higher than those in the bacterial infection group (7.62±2.03 mg/dL vs. 5.19±2.36 mg/dL, *p*\<0.001). However, there was no significant difference in ESR level, CRP level, and white blood cell (WBC) count between the two groups ([Table 1](#T1){ref-type="table"}). In the bacterial infection group, serum PCT levels were not significantly different between male and female patients (6.70±18.73 mg/dL vs. 3.33±6.36 mg/dL, *p*=0.267).

Subgroup analysis of the patients with low serum uric acid levels
-----------------------------------------------------------------

We performed a subgroup analysis of patients with serum uric acid levels \<6.0 mg/dL. The number of patients with low serum uric acid levels was 13 of 67 (19.4%) in the acute gouty attack group and 61 of 90 (67.8%) in the bacterial infection group. The mean ESR level, CRP level, WBC count, and neutrophil count showed no significant differences between the two groups ([Table 2](#T2){ref-type="table"}). However, the mean serum PCT level in patients with bacterial infection was significantly higher than that in the acute gouty attack patient group (4.738±10.455 ng/mL vs. 0.135±0.102 ng/mL, *p*=0.002).

Ability of PCT to distinguish between acute gouty attack and bacterial infection
--------------------------------------------------------------------------------

To determine the ability of PCT to distinguish between acute gouty attack and bacterial infection, we conducted an ROC analysis of PCT and uric acid for all patients. The areas under the curves (AUCs) of serum PCT, uric acid, and CRP were 0.857 \[95% confidence interval (CI), 0.798--0.917, *p*\<0.001), 0.808 (95% CI, 0.738--0.878, *p*\<0.001) and 0.638 (95% CI, 0.544--0.731, *p*=0.005), respectively ([Fig. 1](#F1){ref-type="fig"}). With a cut-off value of 0.095 ng/mL, the sums of sensitivity and specificity of serum PCT were the highest (81.0% and 80.6%, respectively). The best cut-off value of serum uric acid was 5.75 mg/dL, with a sensitivity of 70.2% and specificity of 85.1%. When serum PCT levels \<0.095 ng/mL were regarded as a positive result, the positive predictive value (PPV) and negative predictive value (NPV) in the acute gouty attack group were 75.0% (54 of 72) and 85.7% (72 of 85), respectively. The numbers of true positives, false positives, true negatives, and false negatives were 54, 18, 72, and 13, respectively. In patients with serum uric acid levels ≥6.0 mg/dL, the best cut-off value of serum PCT level was 0.105 ng/mL, and its sensitivity and specificity were 87.0% and 88.9%, respectively (AUC=0.898; 95% CI, 0.814--0.982, *p*\<0.001) ([Fig. 2](#F2){ref-type="fig"}). When serum PCT levels \<0.095 ng/mL with serum uric acid levels \>5.75 mg/dL were regarded as a positive result, the PPV and NPV in the acute gouty attack group were 92.5% (49 of 53) and 82.7% (86 of 104), respectively. The numbers of true positives, false positives, true negatives, and false negatives were 49, 4, 86, and 18, respectively. On multivariate logistic analysis, the odds ratios for gouty attack in which serum PCT levels \<0.095 ng/mL and serum uric acid levels \>5.75 mg/dL were 13.555 (95% CI, 5.441--33.771, *p*\<0.001) and 9.940 (95% CI, 3.834--25.770, *p*\<0.001), respectively.

DISCUSSION
==========

In this study, we assessed firstly whether PCT levels increase in patients with acute gouty attack and then investigated the effectiveness of serum PCT in differential diagnosis between acute gouty attack and bacterial infection. Serum PCT levels were significantly higher in patients with bacterial infection than in those with acute gouty attack. In addition, serum PCT effectively differentiated between acute gouty attack and bacterial infection. To the best of our knowledge, our study is the first report that shows the utility of serum PCT levels in the diagnosis of acute gout patients.

A precise diagnosis between acute gouty attack and infectious diseases is very important, as the management methods for these conditions are distinct and particularly glucocorticoid or canakinumab use in patients with bacterial infection can lead to serious adverse events. Occasionally, clinicians may have difficulties distinguishing between acute gouty attack and bacterial infection, as patients with acute gouty attack and those with bacterial infection show many similarities in terms of the nature of inflammation. The symptoms of acute gouty attack, accompanied by various inflammatory signs such as tenderness, swelling, redness, and occasionally systemic fever, frequently bear resemblance to bacterial infectious diseases. Moreover, laboratory findings are similar for gouty attack and bacterial infection, which may include increased serum ESR or CRP levels and leukocytosis, and in our study, there were no differences in ESR and WBC levels ([Table 1](#T1){ref-type="table"}). Although the *p* value of the difference in CRP level was 0.054, the AUC value of CRP was less than that of PCT ([Fig. 1](#F1){ref-type="fig"}). This suggests that serum PCT can be a useful serologic marker for differentiating between acute gouty arthritis and bacterial infections.

Hyperuricemia is also an important factor in the pathophysiology and diagnosis of gout.[@B10] However, acute gouty attacks can occur when serum uric acid levels are within normal limits or when urate crystals are not found in the synovial fluid.[@B1][@B19] We performed a subgroup analysis for patients with serum uric acid levels \<6.0 mg/dL, as maintaining serum urate below 6.0 mg/dL was generally recommended for prophylaxis of recurrent gouty attack.[@B20] In fact, 13 out of the 61 acute gouty patients (21.3%) in this study had serum uric acid levels \<6.0 mg/dL. Nonetheless, serum PCT levels were higher in the bacterial infection group than in the gouty group among patients with serum uric acid levels \<6.0 mg/dL ([Table 2](#T2){ref-type="table"}). ESR and CRP levels and WBC count showed no significant difference between the two groups. These findings indicate that the measurement of serum PCT levels can be useful in differential diagnosis between acute gouty attack and bacterial infection.

PCT is a calcitonin precursor composed of 116 amino acids.[@B2] The normal serum PCT levels in healthy individuals are \<0.05 ng/mL or are undetectable.[@B2] However, in systemic inflammations, particularly in bacterial infections, the rapid production of PCT can be directly triggered by microbial endotoxins and indirectly by many proinflammatory cytokines such as interleukin (IL)-1β, tumor necrosis factor (TNF)-α, and IL-6 in various tissues, including lung, liver, kidney, and adipose tissue.[@B3][@B21][@B22] After PCT is released to the systemic circulation, its serum level can increase up to 5000 times;[@B3][@B23][@B24] these increased levels are detected within 2 to 4 hours, and the maximum levels are found within 6 to 24 hours after stimulation.[@B2][@B22] The half-life of PCT is 22 to 26 hours.[@B3] These characteristics can be advantageous when considering the use of PCT as an acute phase reactant to monitor infectious diseases.

The cut-off PCT values for discriminating between bacterial infection and other inflammatory conditions were dependent on the disease type and varied between 0.10 ng/mL and 5.79 ng/mL.[@B6][@B25][@B26][@B27] In their systematic review, Schuetz, et al.[@B25] reported a cut-off PCT value between 0.1 ng/mL and 0.5 ng/mL in patients with lower respiratory tract infection.[@B27] In another systematic review, the median cut-off PCT value for differentiating between septic patients and those with systemic inflammatory response syndrome of non-infectious origin was 1.1 ng/mL.[@B6] Our study showed a sensitivity of 81.0% and a specificity of 80.6% for differentiating between bacterial infection and acute gouty attack with a cut-off PCT value of 0.095 ng/mL. The cut-off value among the patients with serum uric acid levels ≥6.0 mg/dL was 0.105 ng/mL, with a sensitivity of 87.0% and specificity of 88.9%, which was similar to 0.095 ng/mL, the cut-off value in all patients. Considering that the PPV for acute gouty attack was 92.5% when low PCT pointing and high uric acid levels were combined, we believe that PCT measurements may be useful for clinicians.

The PCT level was 0.095 ng/mL. Although this amount is small, it might be clinically meaningful in patients with acute gouty arthritis to a considerable extent. Liu, et al.[@B28] reported that the serum PCT level was higher in patients with gouty arthritis than in healthy control without infection. In that study, the serum PCT level in gouty arthritis patients was 0.41±1.23 ng/mL, and particularly, the level in gouty arthritis patients without tophi was 0.10±0.08 ng/mL,[@B28] which was similar to our results. These findings can be explained by various proinflammatory cytokines such as IL-6, TNF-α and particularly IL-1β, which also have important roles in the inflammation caused by acute gouty attack.[@B29][@B30] However, it is unclear why the serum PCT levels do not greatly increase in acute gouty attack patients unlike infectious patients. One possible reason is that microbial toxins such as endotoxins, which are not associated with gout, might have a major role in the release of PCT.[@B3][@B31] Unlike what is observed during bacterial infections, increased serum PCT levels were not found in viral infections.[@B32] The absence of an increase in PCT levels in viral infections suggests that viral-stimulated synthesis of interferon-α by macrophages can inhibit TNF-α synthesis.[@B3][@B32] Similarly, certain cytokines in patients with gout may inhibit the synthesis of PCT. More studies are needed to elucidate why serum PCT levels do not increase during acute gouty attacks.

One of the limitations of the present study was the small sample size. Therefore, future large-scale studies will help estimate the cut-off PCT values to discriminate between bacterial infection and gout. The second limitation was the heterogeneity of the infection sources. However, there are many similarities in clinical and laboratory findings between the patients with acute gouty attack and those with a variety of bacterial infections, and this study suggests the role of serum PCT in distinguishing acute gouty attack from various bacterial infections. Another limitation was the detection levels of serum PCT. The lower limit of detection in this study was 0.05 ng/mL, and 68.7% (46 of 67) of acute gouty attack patients presented this lower limit. If the serum PCT levels could be detected at \<0.05 ng/mL, we might have more precise PCT values. A slightly higher level of baseline AST in the infection group than in the gouty attack group could be another limitation. It would be unrelated to a liver problem, as AST is found in many organs including the liver, heart, skeletal muscle, kidney, and red blood cells, unlike ALT, which is more specific to the liver. In our study, however, serum AST level had no correlation with PCT level. Furthermore, different sex ratios between the two groups--due to the predominance of gout in male patients--may be another limitation. However, there were no reports that serum PCT levels are dependent on sex. In our study, serum PCT levels in the bacterial infection group were not significantly different between male and female patients.

In conclusion, serum PCT levels in patients with acute gouty attack were significantly lower than those in patients with bacterial infection. The best cut-off PCT value to discriminate between infection and gout was 0.095 ng/mL, with a sensitivity of 81.0% and a specificity of 80.6%. Serum PCT is expected to be a useful serologic marker for differential diagnosis between acute gout arthritis and bacterial infection.
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![Receiver operating characteristic curves for procalcitonin (PCT), uric acid, and C-reactive protein (CRP) levels. PCT showed better distinguishing ability than uric acid or CRP.](ymj-57-1139-g001){#F1}

![Receiver operating characteristic curves for procalcitonin (PCT) in patients with serum uric acid levels ≥6.0 mg/dL. PCT showed an ability to distinguish between gouty attack and infection.](ymj-57-1139-g002){#F2}

###### Clinical Characteristics and Laboratory Findings of the Study Subjects
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  Parameters            Gout group (n=67)   Infection group (n=90)   *p* value
  --------------------- ------------------- ------------------------ -----------
  Age (yrs)             53.7±17.1           56.7±19.5                0.320
  Sex (male, %)         59 (88.1)           43 (47.8)                \<0.001
  PCT (ng/mL)           0.096±0.105         4.941±13.763             0.001
  ESR (mm/hr)           41.7±31.1           42.3±28.2                0.931
  CRP (mg/L)            52.80±60.57         71.65±59.78              0.054
  WBC (/mm^3^)          9022±3125           9576±5768                0.447
  Neutrophil (/mm^3^)   6345±2975           6392±3969                0.938
  Uric acid (mg/dL)     7.62±2.03           5.19±2.36                \<0.001
  BUN (mg/dL)           17.79±10.28         17.81±12.82              0.993
  Cr (mg/dL)            1.25±0.55           1.16±0.85                0.445
  AST (IU/mL)           30.3±16.8           44.6±37.7                0.002
  ALT (IU/mL)           29.5±20.8           33.4±37.0                0.436

PCT, procalcitonin; CRP, C-reactive protein; WBC, white blood cell; BUN, blood urea nitrogen; Cr, creatinine; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ESR, erythrocyte sedimentation rate.

Values are represented as mean±standard deviation.

###### Clinical Characteristics and Laboratory Findings of Patients with Serum Uric Acid Levels \<6.0 mg/dL
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  Parameters            Gout group (n=13)   Infection group (n=61)   *p* value
  --------------------- ------------------- ------------------------ -----------
  Age (yrs)             59.5±16.9           57.5±19.2                0.712
  PCT (ng/mL)           0.135±0.102         4.738±10.455             0.002
  ESR (mm/hr)           43.4±26.6           47.0±29.1                0.671
  CRP (mg/L)            77.45±65.82         73.23±64.41              0.983
  WBC (/mm^3^)          10209±3588          9087±4900                0.190
  Neutrophil (/mm^3^)   7409±3669           6604±3962                0.397
  Uric acid (mg/dL)     4.85±0.88           4.01±1.10                0.028
  BUN (mg/dL)           14.12±6.13          17.56±12.08              0.426
  Cr (mg/dL)            1.23±0.85           1.11±0.89                0.271
  AST (IU/mL)           34.6±17.5           46.3±39.9                0.853
  ALT (IU/mL)           25.9±13.4           35.4±41.5                0.859

PCT, procalcitonin; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; WBC, white blood cells; BUN, blood urea nitrogen; Cr, creatinine; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

Values are represented as mean±standard deviation.
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